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Abstract. The paper presents results of the computer simulations and experimental 
investigation of physical properties of Ni-Mn-Ga alloy. The study was performed using 
atomic force microscope. The chemical composition of researched specimens causes 
generation of martensite and austenite phases. Computer simulations are devoted to austenite 
phase. 
 
 
1. Introduction 
Over the last decade, great progress has been seen in the development of smart structure 
technology. This is partly due to the fact that intelligent materials usable as functional 
components of smart structures have been extensively studied. Particularly in actuator 
technology, active or smart materials have opened new horizons in terms of actuation 
simplicity, compactness and miniaturization potential. Shape memory alloys (SMA’s) are 
functional materials. Heusler Ni2MnGa alloys belong to a class of materials known as 
ferromagnetic shape memory alloys which can change their length by up to 10% on 
application of a magnetic field. Combination of ferromagnetism and structural phase 
transitions in Heusler alloys is perspective for production of new devices based on the 
magnetic field control of the size and shape of the actuator active elements. The structural 
phase transitions in these elements proceed by the transformation of high-temperature 
austenite cubic phase into a tetragonal low-temperature martensite phase.  
 Ni-Mn-Ga alloys of the composition about stoichiometric phase Ni2MnGa have at room 
temperature the face centered cubic Heusler's structure (L21, no. 225). Under cooling these 
alloys, the structural transition in the low temperature phase (martensite) proceeds. In this 
state compounds have some characteristic behaviour in an external magnetic field, i.e. 
macroscopic strain is obtained by martensite's twin boundary moving. For the first time this 
effect and its mechanism was described by Ullakko in 1996, and now it is intensively 
examined. In the stoichiometric compound, the magnetic field produced strain (MFPS) is 
about 0.2%. Small modification in the atomic composition gives possibility to obtain strains 
up to 6% or even 10%. It depends on the martensite structure (tetragonal or orthorhombic). 
The crystallographic structure and the temperature interval of the existence of martensitic and 
austenitic phase are strongly depending on atomic composition. This property gives 
possibility to produce new kind of actuators based on magnetic shape memory (MSM) effect. 
This effect and related crystallographic structures are widely reported by Ullakko, Kokorin 
and Martynov. From the technological point of view alloys with MSM should have 
martensitic structure at room temperature and in wide range about it. 
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 Detailed experimental studies of the regularities of formation and realignment of both 
martensitic and magnetic domain structure (DS) are necessary for modeling and simulation of 
magnetically induced phenomena in these alloys. These questions are studied intensively by a 
large number of research groups [1-9]. However the available data are still fragmentary and 
are needed to be extended and generalized. In the present work we focus our attention on 
martensite transformation and electron properties of Ni2MnGa alloys. 
 
2. Methodology and experiment 
In our study we investigate the structure of Ni-Mn-Ga alloy after a casting and then after 
thermal annealing. A sample was obtained by arc-melt method in argon atmosphere. The 
sample was annealed at 1127K for the time 72h in argon atmosphere and was cooled in a 
furnace to room temperature. Chemical composition was defined with scanning electron 
microscope (SME) Vega TS 5135 MM Tescan provided with X-ray microanalyser – EXD 
ISIS Link 300 Oxford Instruments. The X-ray microanalysis has shown small value of 
standard deviation, by this means that the sample had homogenous composition. The results 
are given in Table1. 
 
Table 1. Chemical composition of investigated Ni-Mn-Ga sample. 

Ni Mn Ga 
at. % standard dev. at. % standard dev. at. % standard dev. 
56.48 0.2 18.12 0.3 25.39 0.22 

 
 Before observation the sample was polished mechanically with water paper and 
suspended Al2O3. The sample was chemically etched in solution containing 
50ml(H2O)+50ml(HCl)+10g(CuSO4).  
SFM investigation was taken with SFM type SMENA_B made by NT-MDT (Russia) in air at 
room temperature. Commercial long rectangle cantilever was used. SFM measurement was 
performed in contact regime. Cantilever's parameters are presented in Table 2.  

 
Table 2. Properties of a cantilever. 

Length   [µm]      350 
Width     [µm]      35 
Thickness   [µm]     1.0 
Force constant   [N/m]    0.03 
Resonant frequency   [kHz]   10 
 
Microstructure of the investigated alloy after cast without any stabilisation or homogenisation 
is shown in Fig. 1. The results indicate that the grain structure is irregular. But columnar 
structure of the grain morphology allow suggest that a twin structure can be obtained after 
thermal stability. Widely we reported this state earlier [10]. 
 
3. Simulation of atomic clusters in NWChem package 
NWChem is a computational chemistry package that is designed to run on high-performance 
parallel supercomputers as well as conventional workstation clusters. It aims to be scalable 
both in its ability to treat large problems efficiently, and in its usage of available parallel 
computing resources. NWChem has been developed by the Molecular Sciences Software 
group of the Environmental Molecular Sciences Laboratory (EMSL) at the Pacific Northwest 
National Laboratory (PNNL), USA [11]. 
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a) b)

 
Fig. 1. SFM surface structure of Ni56.48Mn18.12Ga25.39 alloy after casting; scan area 

14.5x14.5 µm. 
a) Height signal,   b) Lateral force signal. 

 
 

 Simulation of the influence of the atomic structure of magnetic alloys on their physical 
properties implies using ab initio quantum mechanical approaches. At present there are two 
distinct directions of computational materials science both dealing with ab initio calculation 
of material properties: the band structure calculations based on translation periodicity of the 
crystalline media and cluster calculations similar to the quantum chemistry approach. The 
results on the band structure calculation of electronic properties of magnetic shape-memory 
alloy Ni2MnGa were presented earlier [12]. In the present paper we discuss the cluster 
approach to simulation of this material.  
 The cluster approach implies solving stationary Schrödinger equation for a small sample 
of a material considered as an isolated system of electrons and atomic nuclei with Coulomb 
interaction between them. At present clusters containing up to one hundred atoms can be 
considered by this way using a supercomputer. The ultimate goal of ab initio cluster 
calculations is the solution of the time-independent, non-relativistic Schrödinger equation 

1 1 1 1 1 1, , , , , , , , , , , ,L L M L L M(r , r R R )= E (r , r R R )σ σ σ σΨ ΨH
r r r rr r r r

L L L L  (1) 

where ,i ir σr
 (i=1,…,L) are the radius-vectors and the spin variables of cluster electrons, aR

r
, 

(a=1,…, M) are the radius-vectors of cluster nuclei, Ψ  is the cluster wave function, E is the 
cluster energy. Hamilton operator of cluster is taken usually as  

N N N ;eH = T + V + H  (2) 

where NT  is the operator of kinetic energy of nuclei, NV  is their Coulomb energy, NeH  is the 

Hamilton operator of electrons in the field of nuclei. 
 Due to their large masses, the nuclei move much slower than the electrons and one can 
consider the electrons as moving in the field of fixed nuclei (adiabatic approach). Thus the 
nuclear kinetic energy is zero and their potential energy is merely a constant. This means that 
the electronic Hamiltonian reduces to 

N Ne e eeH = T + V + V  (3) 

with components 

1
;

2

2L
2
i

i m=
= −∑ ∇T h  (4) 
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corresponding to the kinetic energy of electrons, their interaction with nuclei and between 
themselves, respectively. The full set of electronic Hamiltonian wave functions 

1 1 1, , , , , ,L L Mm(r , r R R )σ σΦ
r rr r

L L , (m=0,…,∞), which are the solution of the eigenvalue problem 

1 1 1 1 1 1 1, , , , , , ( , , ) , , , , , , ,Ne L L M m M L L Mmm(r , r R R ) E R R (r , r R R )σ σ σ σΦ = ΦH
r r r r r rr r r r
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make it possible to represent every cluster wave function as the series 

1 1 1 1 1 1 1, , , , , , , , , , , , , ,L L M m M m L L M
m

(r , r R R )= (R R ) (r , r R R )σ σ χ σ σΨ Φ∑
r r r r r rr r r r

L L L L L  (8) 

with the nuclei wave functions in m-th electronic state 1, ,m M(R R )χ
r r
L . For the nuclei fixed at 

positions (0) (0)
1 , , MR R
r r

L  
(0) (0)

1 1 1, ,m M m M M(R R ) C (R R ) (R R )χ δ δ= − −
r r r r r r
L L , (9) 

where ( )xδ r
is Dirac δ-function.  

Self consistent field approximation. The main problem in solving (7) is the electrons’ 
interaction term eeV  in Hamiltonian (3) which makes it impossible to separate variables 

corresponding to different electrons and reduce multi-electron task to the set of L simplest 
one-electron tasks dealing with the movement of single electron in some external field – this 
means that electrons move in cluster correlatively. To get most accurate single-electron 
description of multi-electron system (orbital model), the electronic Hamiltonian is presented 
as  

∑ ∑
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where the single-electron Hamiltonian  
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 (11) 

contains effective potential field )(ri

r
u  which approximate the influence of all other electrons 

on the movement of electron i. Best possible choose of )(ri

r
u  is obtained from self consistent 

field method and leads to Hartree-Fock approximation. 
 This approximation uses the full set of orthogonal normalized solutions of single-electron 

Schrödinger equation { ),,,,( 1 Mn RRr
r

L
rr σϕ }, 

),,,,(),,,,( 11 MiinnMiini RRrRRr
r

L
rrr

L
rr σϕεσϕ =h  (12) 

corresponding to the eigenvalues nε , (n=0,…,∞), to represent L-electron wavefunction of 

cluster in Slater determinant form:  
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Every spin-orbital ),,,,( 1 Mn RRr
r

L
rr σϕ  from (13) can be represented as the product of spatial 

orbital ),,,( 1 Mn RRr
r

L
rrψ  and one of two spin functions )(σα  or )(σβ  corresponding to two 

possible spin projection values of an electron.  
 Expectation value of the electronic Hamiltonian eH N  in LΦ  state can be represented as 

LL
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MHF RRE

ΦΦ
ΦΦ

= eH
),,( 1

r
L

r
 (14) 

and for wave function (13) can be represented as 
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where one-electron energies iE , Coulomb integrals ijJ  and exchange integrals ijK  all are 

non-negative and defined as follows:  
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Obviously iiii KJ = . 

 Equations (16)-(18) show that for a fixed set of spin-orbitals contributing to 
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with Coulomb J and exchange K operators acting on the spin-orbitals in accordance with the 
relationships 
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Such defined potential is named Hartree-Fock potential, it is non-local and depends on the 
spin-orbitals. The Koopman's theorem provides a physical interpretation of the orbital 
energies: it states that the orbital energy iε  is an approximation of the ionization energy 

associated with the removal of an electron from the orbital iϕ .  

 Because of orbital dependence of Hartree-Fock potential, the orbitals themselves must be 
defined in a self-consistent manner. A trial set of spin-orbitals is formulated and used to 
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construct the Fock operator (11), where (18) is used for )(ri

r
u , then the equations (12) are 

solved to obtain a new set of spin-orbitals that are used to construct a revised Fock operator, 
and so on. The cycle of calculation and reformulation is repeated until a convergence 
criterion is satisfied. Such obtained spin-orbitals realize stationary point of energy (15) as 
functional of spin-orbitals (the latter are assumed to be orthonormal).  
 In self-consistent field calculations on closed-shell states of atomic clusters with even 
number of electrons, it is supposed that the spatial parts of the spin-orbitals are identical for 
electrons of every electron pair. There are then L/2 spatial orbitals of the form 

),,,( 1 Mn RRr
r

L
rrψ  and the L-electron wavefunction is  
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Such a wave function is called a restricted Hartree-Fock (RHF) wavefunction.  
 For open-shell states of atomic clusters two approaches are commonly used. In the 
restricted open-shell formalism (ROHF), all electrons, except those occupying m open-shell 
orbitals, are forced to occupy doubly occupied (L-m)/2 spatial orbitals:  
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 In the unrestricted open-shell Hartree-Fock (UHF) formalism any two electrons are not 
constrained to the same spatial wave function and L-electron wave function has the general 
form (13). By relaxing the constraint of occupying orbitals in pairs, the open-shell UHF 
formalism gives a lower variational energy than the ROHF formalism. However, one 
disadvantage of the UHF approach is that whereas the RHF and ROHF wave functions are 
the eigenfunctions of the total cluster spin operator, the UHF function is not; that is, the total 
spin angular momentum is not well-defined for the UHF wavefunction. 
 In practical calculations cluster spatial orbitals are expanded into a finite series of LK ≥  

basis functions ),,( 1 Mk RRr
r

L
rrξ : 

∑
=

=
K

k
MkMkiMi RRrRRCRRr
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111 ),,(),(),,,(
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L
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It is useful to introduce vector and matrix notation for orbitals  
.}{};,,{};,,{ 11 kiKL C=== Cξψ ξξψψ LL  (25) 

Then, equation (24) can be rewritten as  
Cξψ = . (26) 
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Then for closed shell RHF formalism energy relation (15) can be transformed to 
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 If one introduces overlap matrix for the basis set orbitals 

),,,(),,,( 11 MjMiij RRrRRrrd
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L
rrr

L
rrr ξξ∫=S , the necessary and sufficient condition of 

orthonormality for cluster orbitals can be represented as 
RRSR = . (31) 

 The stationarity condition for Hartree-Fock energy (27) accounting the orthonormality of 
the orbitals leads to Hartree-Fock matrix equations 

SCεCGh =+ )( , (32) 
where ε  is LL×  matrix of Lagrange multipliers which can be chosen as a diagonal matrix 
with elements associated with the energies of corresponding cluster orbital.  
 Similarly can be treated the case of open shells, with some sophistication of definition of 
G and C  matrixes.  

Density functional theory. An alternative to the HF methods is the density functional 
theory (DFT). DFT begins not with the multi-electron wavefunction 
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electron probability density, which is defined as the integral over the spin coordinates of all 
electrons and over all but one of the spatial variables 
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This function determines the probability of finding any of the L electrons within a volume 
element rd

r
. The reason for the popularity of DFT is that it takes into account electron 

correlation. It can be used to do calculations on clusters of 100 or more atoms in significantly 
less time than HF methods. Integration of )(r

rρ  over whole space gives the number of 
electrons in a cluster: 

∫ = Lrrd )(
rrρ . (34) 

 Major points of DFT theory is two Hohenberg-Kohn theorems. The first one 
demonstrates that the electron density uniquely determines the Hamiltonian operator and thus 
all the properties of the system. This theorem states that the external potential )(rN

r
eV  is (to 

within a constant) a unique functional of )(r
rρ . Since, in its turn )(rN

r
eV  fixes eH N , we see 
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that the full many particle ground state is a unique functional of )(r
rρ . Thus, )(r

rρ  

determines L and )(rN

r
eV  and hence all the properties of the ground state, for example the 

kinetic energy ][ ρT , the potential energy of electron-nuclei interaction ][ ρeNV , the potential 

energy of electron-electron interactions ][ ρeeV  and the total electron energy ][ ρeNE , which 

can be written as 
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 The second Hohenberg-Kohn theorem states that the functional ][ ρHKF , that delivers the 
ground state energy of the system, delivers the lowest energy if and only if the input density 
is the true ground state density. In other words this means that for any trial density )(~ r
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which satisfies the necessary boundary conditions such as 0)(~ ≥r
rρ , Lrrd =∫ )(~ rrρ , and 

which is associated with some external potential )(rN
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eV , the energy obtained from functional 

(35) represents an upper bound to the true ground state energy 0E . 0E  results if and only if 

the exact ground state density )(r
rρ  is inserted in (35).  
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][ ρnclV  is the non-classical contribution to the electron-electron interaction: self-interaction 

correction, exchange and Coulomb correlation.  
 The explicit form of the functionals ][ ρT  and ][ ρnclV  is the major task of DFT. To relate 

them to the well-known results of Hartree-Fock orbital theory the reference system of L non-
interacting electrons with the same electron density function is introduced, for which the set 
of orthonormal spatial orbitals { } Liri ,,1,)( L
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Then if one combines all unknown contributions into one energy term ][ ρXCE , 
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the functional of cluster energy can be represented as 
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The only term for which no explicit form can be given is ][ ρXCE . One now can apply the 

variational principle to answer the question about what condition must the orbitals )(ri

rψ  

fulfill in order to minimize the energy expression (41) under the usual constraint 

ijji rrrd δψψ =∫ )()(
rrr

. The resulting equations are the Kohn- Sham equations: 
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and δρρδ ][)( XCXC ErV =r
 is the variational derivative of exchange and correlation energy 

functional. The value of )(rVKS

r
 depends on the density, and therefore the Kohn-Sham 

equations have to be solved iteratively to obtain a self-consistent solution. 
 Most of the applications of the Kohn-Sham density functional theory make use of the 
linear combination of atomic orbitals (LCAO) expansion of the Kohn-Sham orbitals. 
Similarly to (24), in this approach one introduces a set of K predefined basis functions 

)(rk

rξ and linearly expand the K-S orbitals as 

∑
=

=
K

k
kkii rCr

1

)()(
rr ξψ . (44) 

Basis functions for both SCF and DFT calculation usually are chosen among three 
possibilities: 

I. Slater-type-orbitals (STO): they seem to be the natural choice for basis functions. They 
are exponential functions that mimic the exact eigenfunctions of a hydrogen atom. A 
typical STO is expressed as 

),(1 ϕθξ β
lm

rnSTO YerN −−= . (45) 

Here n corresponds to the principal quantum number, the orbital exponent is termed β 
and ),( ϕθlmY  are the usual spherical harmonics. Unfortunately, it is very difficult to 

compute many-center integrals with STO basis, and they do not play a major role in 
ordinary quantum chemistry.  
II. Gaussian-type-orbitals (GTO). They have the following general form: 

.
2rnmlGTO ezyxN αξ −=  (46) 

N is a normalization factor, α  represents the orbital exponent. nmlJ ++=  is used to 
classify the GTO as s-functions ( 0=J ), p-functions ( 1=J ), etc. 
III. Contracted Gaussian functions (CGF) basis sets, in which several Gaussian functions 
are combined in a fixed linear combination: 
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 A variety of exchange-correlation functionals, having names such as mPWPW91, 
B3LYP, MPW1K, PBE1PBE, BLYP, BP91, and PBE, have been developed for use in DFT 
calculations; the names designate a particular pairing of an exchange functional and a 
correlation functional. For example, BLYP functional is a combination of the gradient-
corrected exchange functional developed by A.D. Becke and the gradient-corrected 
correlation functional developed by C. Lee, W. Yang, and R.G. Parr. Some of the functionals, 
such as B3LYP, represent hybrid DFT calculations that use Hartree-Fock corrections in 
conjunction with density functional correlation and exchange  
 Density functional theory has also been applied to study open-shell atoms and molecules 
on the basis of spin density concept. The spin density refers to the difference between the 
spin-up electron density and the spin-down electron density, and the exchange-correlation 
energy depends on the spin density as well as the total electron density. Namely such 
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approach has to be used in DFT investigations of the magnetic structures of metals and 
alloys.  
 The original density functional theory has been generalized to deal with many different 
situations: spin polarized systems, multicomponent systems such as nuclei and electron hole 
droplets, free energy at finite temperatures, superconductors with electronic pairing 
mechanisms, relativistic electrons, time-dependent phenomena and excited states, bosons, 
molecular dynamics, etc. The computation time required for a DFT calculation formally 
scales as the third power of the number of basis functions; as a result, DFT methods are 
computationally more efficient (though not necessarily more accurate) than HF-based 
formalisms, which scale as the fourth power of the number of basis functions. 
 
4. Computer simulations results and discussion 
Ni2MnGa Heusler alloys (HA) has a theoretical lattice constant of 5.811 Å (10.981 а.u.) and 
5.729 Å (10.826 а.u.) for the ferromagnetic and the paramagnetic phase, respectively. The 
crystal structure of Ni2MnGa HA can be considered as a bcc-based fcc crystal with a chain of 
Ni-Mn-Ni-Ga along the <111> direction. In present paper simulations deal with the simplest 
structure unit of the material – the cluster containing 9 atoms which is presented in Fig. 2. We 
calculate electronic structure of this cluster by open shell restricted Hartree-Fock method 
(ROHF), by unrestricted Hartree-Fock method and density functional theory (DFT) using 
NWChem package [11]1. All calculations deal with the system of 252 electrons. 
 

 
Fig. 2. Atomic structure of cluster NiMn4Ga4, the constitutive element of L21 cubic form of 

Ni2MnGa. 
 
 Basis sets used in calculations are presented in Table 3. In all cases 6-31G* was used to 
represent atomic orbitals of Ni and Mn, and 6-311G** for Ga atoms in ROHF calculations. 
For DFT calculations the simplest 3-21G basis set for Ga was used. Contracted Gaussian 
functions (47) are used to represent atomic orbitals of every included electronic shell. 
 In Table 4 the SCF calculation results for energy components of cluster NiMn4Ga4 with 
various numbers of open shells with maximal value of total spin for ROHF and indefinite 
total spin for UHF calculations are presented. The similar results for DFT calculations are 
given in Table 5. Total energy for the last case is essentially larger then for the first one. This 
can be related to smaller basis set used for Ga atoms in DFT calculations. 
 In Fig. 3 the histogram of energy spectrum of the cluster is presented. The spectrum was 
calculated by RHF method for singlet closed shall state and ROHF and UHF methods for 
triplet, quintet and septet open shell states. In NWChem package, ROHF method is realized 
in such a way that only state with definite maximal spin is calculated. This means that all 
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electrons on single occupied shells have the same spin projection. For UHF method, term 
singlet is used for state with equal number of α- and β-electrons, triplet – for state with the 
number of α-electrons greater on 2 then that of β-electrons, quintet – for state with 4 excess 
α-electrons etc. Energy spectrum spin dependence for ROHF calculations is presented in Fig. 
4, and it does not seem very strong. 
 
Table 3. Characteristics of basis sets. 

Atom Atomic 
mass 

Electronic 
configuration 

Basis set Number 
of shells 

Number of 
Gaussian 
functions 

Type of 
Gaussian 
functions 

Ni 57.935300 [Ar]3d84s2 6-31G** 12 39 5s4p2d1f 
Mn 54.938100 [Ar]3d54s2 6-31G** 12 39 5s4p2d1f 
Ga 

68.925700 [Ar]3d104s24p1 
6-311G** 18 47 8s7p3d 
3-21G 10 24 5s4p1d 

 
Table 4. SCF calculated energy data in hartrees. 

Parameter Singlet Calcula-
tion type 

Triplet Quintet Septet 

Total SCF energy 
-13797.099 

ROHF -13797.192 -13797.200 -13797.240 
UHF -13797.636 -13797.741 -13797.891 

One-electron energy 
-28302.398 

ROHF -28299.751 -28293.491 -28293.438 
UHF -28279.774 -28286.714 -28288.480 

Two-electron energy 
  9948.029 

ROHF     9945.288    9939.022     9938.927 
UHF     9924.868    9931.702     9933.318 

Nuclear repulsion energy   4557.270 all     4557.270    4557.270     4557.270 
 
Table 5. DFT calculated energy data in hartrees. 

Parameter Singlet Triplet Quintet Septet 
Total energy -13774.816 -13775.206 -13775.140 -13775.258 
Coulomb energy  10495.345  10494.026  10494.696  10493.838 
Exchange energy      -573.100      -573.719      -573.618      -573.770 
Nuclear repulsion energy     4557.270      4557.270      4557.270      4557.270 
 

 
Fig. 3. Histogram of NiMn4Ga4 cluster energy spectrum with discretization 0.12 hartree. 
Common number of levels 383, RHF calculation. 126 molecular orbitals are double occupied. 
Highest occupied and lowest unoccupied molecular orbitals’ energies are inserted. 
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Fig. 4. Histogram of NiMnm4Ga4 cluster energy spectrum with discretization 0.026 hartree 
for various spin states from ROHF calculations near the HOMO and LUMO. Four neighbor 
lines correspond to the same interval. 
 
 Isosurfaces of electron density of the cluster in singlet state both for SCF and DFT 
calculations are presented in Fig. 5. The difference between the results is associated with d-
electrons of Mn atoms of the cluster. For highest spin states a ‘cubic’ form of density near 
Mn atoms is present only for ROHF calculation. For UHF and DFT methods the results are 
very close for a given spin state. It is interesting that the form of isosurfaces very slightly 
depends on the spin state of cluster. For triplet and quintet states they are very similar to those 
presented in Fig. 6 for septet state. 
 

  
 

a) b) c) 

 
 

 
d) e) f) 

Fig. 5. Isosurfaces of electron density ρ for NiMn4Ga4 cluster in singlet state: a-c for RHF 
calculation, d-f for DFT calculation, a,d – isosurface corresponds to lg ρ=0; b,e – isosurface 
corresponds to lg ρ=-1.5; c,f - isosurface corresponds to lg ρ=-2. 

 
 Spin density studies show much less similarity of UHF and DFT calculations. For triplet 
state UHF calculation results in large spin density on Ga atoms which seems unseasonable. 
Clarifying this issue, one needs further investigation. Here we present only DFT results (Fig. 
7). They show that Mn atoms play the main role in spin polarization of cluster and that this 
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role is played by different Mn atoms in different manner. Ni atom reduces the total 
polarization of the cluster because its negative contribution relatively the general contribution 
of Mn atoms. But the last is reduced partially by the ‘clouds’ of the negative spin density 
around the regions of positive one. This complex behavior of spin polarization in NiMn4Ga4 
cluster promises interesting results for Ni2MnGa cluster too. Such cluster of minimal size 
contains 35 atoms and for its study it is necessary to use supercomputer resources.  

 

 
a) b) c) 

  
d) e) f) 

 

g) h) i) 
Fig. 6. Isosurfaces of electron density ρ for NiMm4Ga4 cluster in septet state: a-c for ROHF 
calculation, d-f for UHF calculation, g-i for DFT calculation a,d,g – isosurface corresponds to 
lg ρ=0; b,e,h – isosurface corresponds to lg ρ=-1.5 in atomic units; c,f,i - isosurface 
corresponds to lg ρ=-2. 
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a) b) c) 

 
 

 

d) e) f) 

 
 

 

g) h) i) 
Fig. 7. Isosurfaces of electron spin density ρS for NiMm4Ga4 cluster from DFT calculations: 
a-c for triplet state, d-f for quintet state, g-i for septet state; a,d,g – isosurface corresponds to 
lg|ρS|=0; b,e,h – isosurface corresponds to lg|ρS|=-1.5 in atomic units; c,f,i - isosurface 
corresponds to lg|ρS|=-2. 
 
5. Conclusions 
The results obtained indicate that thermal stabilisation is important in stabilisation of 
martensitic structure. The incidental effect is there the appearance of microcracks along the 
interface. Properties of the system were investigated both experimentally and by ab initio 
simulation in NWChem package. Compatibility of Ni2MnGa crystal structure and cell 
parameters with semiconductors and also presence of spin-polarization of carriers opens up 
possibilities of the Ni2MnGa use in semiconductor spintronics. 
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